Description 5Positive-Wrking Photoi mrageabl e Bottom Antirefl ective Coating
Field of Invention The present invention relates to novel

posi tive-worKking, photoimageable, and gqueous devel opable antireflective
coating conpositions and their use in to inmage processing by formng a thin

| ayer of the novel antireflective coating conposition between a reflective
substrate and a photoresi st coating. Such conpositions are particularly useful
in the fabrication of sem conductor devices by photolithographic techniques,
especially those requiring exposure with deep ultraviolet radiation. These
coatings are particularly conpatiblg §?{I§ﬁe wi th an 15 edge bead renover.
Backgr ound Phot or esi st conp are used in mcrolithography
processes for neking mniaturized el ectronic conponents such as in the
fabrication of 20 ) . 0 1 ts. -nerally, in these
procesdes, a thik < LQIMANSE don is first
applied to a substrate naterlal such as S|I|con mafers used for maki ng
integrated circuits. The coated substrate is then baked to evaporate any

sol vent i [Cieldof imentionsi st conposition and to fix the coating onto the
substrate. The 1hR s b e b el BGFRRIRRE! BhiohTadeilie SUPI oot ed
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solution to dissolve and renove either the radiation-exposed or the unexposed
areas of teEResEionEypRarticylarly useful in the fabrication of semiconductor devices

by photolithographic techniques, especially those requiring exposure with deep
ultraviolet radiation. These coatings are particularly compatible for use with an
15 edge bead remover.

Background .
Photoresist compositions are used in microlithography processes for

making miniaturized electronic components such as in the fabrication of
20 computer chips and integrated circuits. Generally, in these processes, a thin

coating of a film of a photoresist composition is first applied to a substrate

material, such as silicon wafers used for making integrated circuits. The coated

substrate is then baked to evaporate any solvent in the photoresist composition

and to fix the coating onto the substrate. The baked and coated surface of the
25  substrate is next subjected to an image-wise exposure to radiation.

This radiation exposure causes a chemical transformation in the exposed
areas of the coated surface. Visible light, ultraviolet (UV) light, electron beam
and X-ray radiant energy are radiation types commonly used today in
microlithographic processes. After this image-wise exposure, the coated

30 substrate is treated with a developer solution to dissolve and remove either the
radiation-eprsed or the unexposed areas of the photoresist.



There are two types of photoresi st conpositions, negative-working and

posi tive-working. Wien positive-working photoresist conpositions are exposed
i mge-wi se to radiation, the areas of the photoresi st conposition exposed to
the radi ati on becone soluble in a developer solution while the unexposed areas
of 5 the photoresist coating remain relatively insoluble to such a sol ution.
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25 Nm exposure reqwre on-aromatic polymers, since aromatics are opaque at this
wavelength. Generally, alicyclic hydrocarbons are incorporated into the polymer
to replace the etch resistance lost by eliminating the aromatic functionality.
Furthermore, at lower wavelengths the reflection from the substrate becomes
increasingly detrimental to the lithographic performance of the photoresist.

30 Therefore, at these wavelengths antireflective coatings become critical.



In addition, photoresist patterns nmay be damaged or may not be 15 transferred
exactly to the substrate if the dry etch rate of the antireflective coating is
simlar to or less than the etch rate qf the photoresist coated on top of the
antireflective coating. The etching conditions for renoving the organic
coatings can al so damage the substrate. Thus, there is a need for organic
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antireflective coatings that do not need to be dry etched and can also provide

\

20 good lithographic performance, especially for compound semiconductor type
substrates, which are sensitive to etch damage.

The novel approach of the present application is to use an absorbing,
positive image-forming bottom antireflective coating that can be developed by an
aqueous alkaline solution, rather than be removed by dry etching. Aqueous

25 removal of the bottom antireflective coating eliminates the dry etch rate
requirement of the coating, reduces the cost intensive dry etching processing
steps and also prevents damage to the substrate caused by dry etching. The
absorbing bottom antireflective coating compositions of the present invention
contain a crosslinking compound and a polymer. The coating is cured and then

30 upon exposure to light of the same wavelength as that used to expose the top
positive photoresist become imageable in the same developer as that used to



US 4,910, 122 di scl oses an aqueous devel opable antirefl ective coating, however
the degree of solubility of the total filmis controlled by the bake
conditions. This antireflective coating is not photoimageable, and therefore,
there 20 are no clearly defined soluble and insoluble regions in the film The
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antireflective coating is very sensitive to the developer normality and developing

time, and also gives poor resolution. High normality developer and/or long
develop times can cause excessive removal of the antireflective coating.

25 Another process for imaging photoresists using antireflective coatings is
disclosed in US 5,635,333; however, the antirefiective coating is not developed at
the same time as the photoresist.

US 5,882,996 describes a method of patterning dual damascene
interconnections where a developer soluble antireflective coating interstitial layer

30 is used. The antireflective coating is formed between two photoresist layers and



25 or standing waves in the photoresist. Additionally, substantially no
interm xing is present between the antireflective coating and the photoresi st
film The antireflective coatings al so, have good sol ution stability and form
thin films with good coating quality, the latter being particularly

advant ageous for |ithography. Wen the antireflective coating is used with a
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to edges of the antireflective coating formed during the spin coating process. This
15 antireflective coating is photoimageable at the same wavelength of actinic
radiation as the top photoresist layer applied thereupon, and is also developable
with the same aqueous alkaline developing solution as that uséd for typically
developing a photoresist. The combination of single exposure step and single
development step greatly simplifies the lithographic process. Furthermore, an
20 aqueous developable antireflective coating is especially desirable for imaging
with photoresists that do not contain aromatic functionalities, such as those used
for 193 nm and 157 nm exposures. The novel composition enables a good
image transfer from the phoioresist to the substrate, and also has good
absorption characteristics to prevent reflective notching and line width variations
25  or standing waves in the photoresist. Additionally, substantially no intermixing is
present between the antireflective coating and the photoresist film. The
antireflective coatings also have good solution stability and form thin films with
good coating quality, the latter being particularly advantageous for lithography.
When the antireflective coating is used with a photoresist in the imaging process,

30 clean images are obtained, without damaging the substrate.



25 a process for using such a conposition, especially for irradiation from
about 50 nmto about 450nm The antireflective coating conposition of the
invention is coated on a substrate andgbel ow a positive photoresist, in order
to prevent reflections in the photoresist fromthe substrate. This
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phot oresi st solvent. The coating thickness of the photoresist is generally
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Description of the Invention
The present invention relates to a novel absorbing, photoimageable and

20 aqueous developable positive image-forming antireflective coating composition
comprising a polymer comprising at least one unit with a hydroxyl and/or carboxyl
group and at least one unit with an absorbing chromophore, a vinyl ether
terminated crosslinking agent, and optionally, a photoacid generator. Preferably
the polymer is alkali-soluble and water insoluble. The invention further relates to

25 a process for using such a composition, especially for irradiation from about 50
nm to about 450nm.

The antireflective coating composition of the invention is coated on a
substrate and below a positive photoresist, in order to prevent reflections in the
photoresist from the substrate. This antireflective coating is photoimageable with

30 the same wavelength of light as the top photoresist, and is also developable with

the same aqueous alkaline developing solution as that used to typically develop



25 antireflective coating it is photol ysed. Wien a photoacid generator is not
present in the antireflective coating, the acid may diffuse fromthe
photoresist into the antireflective coating. In a subsequent baking step, in
t he exposed regions the polyner of the antireflective coating with the
crosslinked sites (acid labile groups), are decrosslinked in the presence of
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the antir ective coatl nvent’i on cont al ns east one umt with
hydr oxyl draiween dheblaygts gndupake dhat coadingt insokubleniin the t agumoua balkalirieng

ot ot Do eyelrbREr Affefn r SRR BoRh 2ol BESRIT % Befledt W il Bar ate o
fused ringsakivgeted bheaetion ealdst platé Ritwaen ithe aacsslinking. ageramebpescigify nononer s

wi th absorbi ng chronpphores that can be_ polynerized wth the nononers
cont ai ni nFOMRRUALS| CoMtaming Iy egiesuisimial JPHYS. BasiberRRYEEh Wi,

substi t ut qg,Jpae1 eRast baboRy g}Ba@w‘ thé Hhﬁr‘eiflbéﬁ\}’edcﬁlﬂggli}zfg?ﬁ{ 5&53&&@0

ant hracyl, "substituted and unsubsti.tuted phenanthr stituted and

unsubst i t Lgredpsayithimjhe cogiirg.i Aiercbaling anes owing the eotirediesiivec geating is ngs
contaijin LL | f r i.nations

her o, - SsernaaBAbaaRoRif hofitaf affe BLHGBAE DI a1l sl R alHe, Ty
The subst ighotoresistey be any hydrocarbyl group and may further contain
Beamplos of such ARRYUBPHRETEREH iei byh diac 28, s pine Shrarh Autreeetvecy hor

chr onophorgsating trkesakd P RrdnovdSite. fdtoREmt sBént.N THe dlipg thidkneddoP. 981, 145,
US 6, 187, 506, ﬁ%s 5,939, 236, and US 5, 935, 760, which may alSo be used, and are
i ncor por attBe phateiesishyis rggnsralyc ereaigre thanethe uadedying raspireflaciveesiings ar e

oo SRRl O Sl o oI RO o BT e aBHRRREIN 20,70
9 coating are insoluble in the aqueous alkaline developing solution of the
photoresist. The bilevel system is then imagewise exposed to radiation in one
single step, where an acid is then generated in both the top photoresist and the
bottom antireflective coating. If a photoacid generator is present in the
25  antireflective coating it is photolysed. When a photoacid generator is not present
in the antireflective coating, the acid may diffuse from the photoresist into the
antireflective coating. In a subsequent baking step, in the exposed regions the
polymer of the antireflective coating with the crosslinked sites (acid labile
groups), are decrosslinked in the presence of the photogenerated acid, thus
30 making the polymer and hence the antireflective coating soluble in the aqueous



preferred nononers are styrene, hydroxystyrene, acetoxystyrene, vinyl
benzoate, vinyl 4-tert-butyl benzoate, ethylene glycol phenyl ether acrylate,
phenoxypropyl acrylate, N-nmethyl naleigide, 2-(4-benzoyl- 3-

hydr oxyphenoxy) et hyl acryl ate, 2-hydroxy-3-phenoxypropyl acrylate, phenyl 5
nmet hacryl ate, benzyl nethacrylate, 9-anthracenyl nethyl methacrylate, 9-

vi nyl ant hizaefine, dedelopey! AaglissegLemedevelupiny | 185 Bbh HiskRlves- the- Systisedy) phenyl
met hacryl am de, N- ( 3- hydr oxy- 4- hydr oxycar bonyl %henyl_ azo) phenyl .

net hacr y| 489igas Npf( BOWY, dheyBasitivec PheiRlRsis HBRY | thehaRtineflasthyepkeaing, thus

met hacr yl g)???](ﬂﬁ:i (2 63$H0étir 2 NYh@NM2ORIEHE) TBb&tatkdeiedr (fbr Hher

acet oam nophenyl®) azo 4- hydr oxystyrene,

3- (4- et hoyyecessimgy| phenyl ) azoacet oacet oxy et hyl nethacryl ate,

3- (4- hydr oxyph 1) azo- t . et . et ryl.at dr.Qanmmoni um
sul fatg sal t oﬁﬂétﬂ‘f%gﬁ@ﬁﬁ'gg‘i"%a‘%ﬁﬁla‘ﬁéﬁ%ﬂo? S@?‘ﬁ?fﬂ% rﬁ%\eeﬁ ﬁé&ggaqg l<§qui val ent
struct ur esnventioh Somprizes & tresslinkirgy agerithapolymien androgtioatigzypledtoasiphor e t hat
absorbs at the 15 appropriate exposure wavel ength may be seq alone or in
Conbi nat | GRVRIA. o Her PENTEHSPREESS at leastrere VortyHE aobydrREARAIPT Anvent i on
conpr i ses aafadAgrod arkitiah 18hdiNofe Ml Wit} aANbSEbMCC BARARYINAIEOtTRe! 0 Provi de

al kal i ne sofub_l ity, and a crosslinking site. One f tion of the polyner is
to provi da@bsorpingiclomanhgre)isdvaund wiihin reopolymep ohain, as oppagaditothaing a

antireflegtive coatl] nge il g i . i i ss. The
nycr oty * GeeerBihp Cariss bR A CorReL i SsPbagbn S SBFHARERONES <
necessar y fieerdyehdurig theigrotessadidaging thaaoptiegs of nmononers whi ch provi de such a
unit upon pol ygerization e Wthout limtations,. substituted or unsubstituted
vyt hononer & TBedymengl erglreieptiva shatind of My Prten onteach 1885he acr yi | o
aci d, et RAgr yhit qmﬂi:'hgdrwymdndﬁir%&rab IYIHUPXHSd YAtCIRASE ohb Niihit WREHOZRI S
containing 1,1',2,2",3, 3" -hexafl uor o-)g pr opanol , al though any nonomner that
makes t he 8pePKpirg - ahloangphose.ubl Examelesr cferaibl gbseibivg idhsemngphere naf¢ be used.

The pqu”%&dmrﬁc%{‘%ﬁnﬁ‘at?c r%?%ttiﬂé%nﬂfhewﬂ&ga{ch%%lﬁqic%@hgé%mﬂf lopgy! _and/ or

car boxyl groups. nononer s contai nin hexar I uoro-2- 30
propanol do dopr separaie oplfused dings,t Whetee treyeperen8 dor Hplageasitie cedaiy Hmg.uct ur es
(1) to (G)Exaarr]rgplésh %. rrnosnuobrr?(};'ristwui he(zjabseg%;n\f;acl:ﬁr%trnsdpho%gs that can be polymerized
with the monomers containing hydroxyl or carboxyl groupé are vinyl compounds
containing substituted and unsubstituted phenyl, substituted and unsubstituted
20 anthracyl, substituted and unsubstituted phenanthryl, substituted and
unsubstituted naphthyl, substituted and unsubstituted heterocyclic rings
containing heteroatoms such as oxygen, nitrogen, sulfur, or combinations
thereof, such as pyrrolidinyl, pyranyl, piperidinyl, acridinyl, quinolinyl. The
substituents may be any hydrocarbyl group and may further contain heteroatoms,
25 such as, oxygen, nitrogen, sulfur or combinations thereof. Examples of such
groups are (Ci-Cyp) alkylene, esters, ethers, etc. Other chromophores are
described in US 6,114,085, and in US 5,652,297, US 5,981,145, US 6,187,506,
US 5,939,236, and US 5,935,760, which may also be used, and are incorporated
herein by reference. The preferred chromophoric monomers are vinyl
30 compounds of substituted and unsubstituted phenyl, substituted and

unsubstituted anthracyl, and substituted and unsubstituted naphthyl; and more



. Th:, 0 FaC CF3F3C C F3F3C+C F3 OH ,OHOH (1)(2)(3) \CO O F3C+C F3F3C C
F3F3C C F3 OH ,OHCH (4)(5)(6) 5 Thus a polynmer may be synthesized by
pol ymeri zi ng monomers that contain a hydroxyl or carboxyl group with nonomers
that contain an absorbing chronophore. Alternatively, the alkali soluble
pol ymer may be reacted with conpounds that provide the hydroxyl or carboxyl

d
group an yindforidifidrs! Carl oty dRe! NeydRROLYICHS, ChicRBHYRTe | Tityhe [ nal

pol yrer t e un|t unlts con nln? e hydroxyl or “carboxyl

group canbeazc@ef winyl Mﬁ@-@ﬂMWﬂe@beﬂﬂymet ol phrenyhoetbeprasindatehl y 20 to
range. fr oRNEWGPES or oradiRl 10 NGEBIRE, o Bridakisery 6B ERMR T ol e
wi t hi n t haygrempsharfoxiyjetsyl acrylate, 2-hydroxy-3-phenoxypropyl acrylate, phenyl

5 methacrylate, benzyl methacrylate, 9-anthracenylmethyl methacrylate, 9-
vinylanthracene, 2-vinylnaphthalene, N-vinylphthalimide, N-(3-hydroxy)phenyl
methacrylamide, N-(3-hydroxy-4-hydroxycarbonylphenylazo)phenyl
methacrylamide, N-(3-hydroxyl-4-ethoxycarbonylphenylazo)phenyl
methacrylamide, N-(2,4-dinitrophenylaminophenyi) maleimide, 3-(4-

10 acetoaminophenyl)azo-4-hydroxystyrene, 3-(4-ethoxycarbonylphenyl)azo-
acetoacetoxy ethyl methacrylate, 3-(4-hydroxyphenyl)azo-acetoacetoxy ethyl
methacrylate, tetrahydroammonium sulfate salt of 3-(4-
sulfophenyl)azoacetoacetoxy ethyl methacrylate and equivalent structures. It is
within the scope of this invention that any chromophore that absorbs at the

15  appropriate exposure wavelength may be used alone or in combination with other
chromophores.

The polymer of the novel invention comprises at least one unit with a
hydroxyl and/or a carboxyl group to provide alkaline solubility, and a crosslinking
site. One function of the polymer is to provide a good coatingj quality and another

20 is to enable the antireflective coating to change solubility during the imaging
process. The hydroxyl or carboxyl groups in the polymer provide one of the
components necessary for the solubility change. Examples of monomers which
provide such a unit upon polymerization are without limitations, substituted or
unsubstituted vinyl monomers containing a hydroxyl and or carboxyl group, such

25 as actrylic acid, methacrylic acid, vinyl alcohol, hydroxystyrenes, vinyl monomers
containing 1,1’,2,2’,3,3-hexafluoro-2-propanol, although any monomer that
makes the polymer alkali soluble and preferably water insoluble, may be used.
The polymer may contain a mixture of monomer units containing hydroxyl and/or
carboxyl groups. Vinyl monomers containing the 1,1,1,3,3,3-hexafluoro-2-

30 propanol group are exemplified with the compounds represented by structures
(1) to (6) and their substituted equivalents.



15 invention that the hydroxyl or carboxyl group is attached to the absorbing
chronophore or that the chronophore is attached to the hydroxyl or carboxyl
group, that is, both groups are presenf in the sane unit. As an exanple the
chronmophori c groups described previously may have pendant hydroxyl and/or

car boxyl groups or that the chronnophoric groups and the hydroxyl group and/or
20 carbonyl group are aftached to the same group. 11 Q her than the
unit containing the roxyl and/or cagboxyl group and the unit containing the
absor bi ng chronophore, pol yrmer &ggk?gﬂbain ot her nmononeric units, such
units may provide othqj desirabl e propgfties. Exanples of the third nmonomner
are -CRLIR2-CR3R4-, wheye Fti to R4_arefindependently H 5 (G -Cl10) al kyl,
Co—&Ebi de, cyEéB acﬂiiaryl, al kenyl , di cyanovi nyl,

(G -C10) al koxy, nig
S2CF3, COQz, SOBZ, )
(G -G o) alkyl, hydrp COCH3, or R2 and R4
conbine to forma cy group such hydri de, pyrigdine; or pyrollidone, or
Rl to R3 are independeptly H, (Cl-C10) 10 al kyl, (Cl-Cf0) al koxy and 114 is a
hydr ophi | i ¢ group.F E-appCes of theF flic gr €Rji ven here but are
not limted to these: CH§) 20H, 0Of( (éHZ)OH, (CHpy, OH (where n=0-4),
COO(C -C4) al kyl, COOX"and sBX (where is H», amonium al kyl ammoni um O her
nononers may be met hyl .GE'[ hacryl at e, bl{éxl met hacryl at hydr oxyet hyl

nmet hacryl ate and 15 hyfd oxypropyl nethacrylate. Monone ?c uni ts cont ai ni ng
acid | abile groups may al so be used, such as hydroxystmene, vinyl al cohol,
(meth)acrylic acid capped with acid | abile groups. Exanples of acid labile
groups, without |ismtation, are secondary and tertiar Kyl s (up to 20 carbon
atons) with at |east gmeOLl3 hydrogem—hcetal s and ket rimethylsilyl, and
13- trinethylsilyl s@gpstituted al kyl s.020 Representativeexanpl es of acid

| abi | e groups ar (ﬂF_— tyl, tert Q{.n_}_y i sobor nyl | cycl ohexyl,

1-al kyl cycl opent ;1/:Iab a_(lz‘?ghexyl , 2-'2-? y -?—Fédamantyl ,F3g- §F3 2- nor bor nyl .

Q her exanpl es of acid'l abjle groups £ t et rahydrofura , tetrahydropyranyl,
substituted or unsubz&i tuted net hoxycg bonyl, 13- trialkwl silylalkyl groups
(e.g. CH2-CH2SI (CH3) ,) CH( - CH2Si ( CH3) )F’)z CH2- 25CH( Si ( )3)2 and the I|ike.

Novol ak resins can al so be used as suitable polyners for antireflective

coat i ngs. Thesgrqﬁggérl lgféﬁry gﬁé‘{* Gl lsyniPBEPHE o5, PoFABNEIY | Menemerndensat i on

reaction betwe e ‘and ohe or nore nulti-substituted phenols, in
t he presemcostaird adnydioxyd af teabexd greur withsmenamees thet ¢oniaia|ag; 2bsPing or mal ei ¢

30 anhydr icglfecgpc-)r @)izg.a ! ARHATGET, Th Bkl LoRBIS IR ATer S BE SreabOWRhNO! S,

xyl enol s,
compounds that provide the hydroxyl or carboxyl group and compounds that

10 provide the absorbing chromophore. In the final polymer the mole % of the unit
or units containing the hydroxyl or carboxyl group can range from 5 to 95,
preferably 10 to 90, and more preferably 20 to 80 and the mole % of the
absorbing chromophore unit in the final polymer can range from 5 to 95,
preferably 10 to 90 more preferably 20 to 80. It is also within the scope of this

15 invention that the hydroxyl or carboxyl group is attached to the absorbing
chromophore or that the chromophore is attached to the hydroxyl or carboxyl
group, that is, both groups are present in the same unit. As an example the
chromophoric groups described previously may have pendant hydroxyl and/or
carboxyl groups or that the chromophoric groups and the hydroxyl group and/or

20  carbonyl group are attached to the same group.



Exanpl es of polyners are novol aks, pol yhydroxystyrenes, and copol yners of

hydr oxystyrene, where the other conononers are at |east one of styrene, vinyl
al cohol, acrylic acid, methacrylic acigd, acrylic esters, nethacrylic esters,
etc. 5The polymers of this invention may be synthesized using any known net hod
of polymerization, such as ring-opening netathesis, free-radical

pol ymer i zat i onoueGRAgR %R LAIR cBAIIRG iﬁeﬁhk&ﬁmtﬁw& cabakyl Yré@yaAdaré al ysts, or
ani onic or cationic copol@gm&rl zation techni ques. The polyner may b

synt hesi zuudit usaniginisgl the ensodng shsemophene, b@sB@M@ﬁbdnﬁﬁlwiﬂgame%n, or the
10 like. Th . hi.g 1 i i i | ith
2 et gni TURCRGRETTE, Slich Ul o Pldyide By R KFRE FoERRsT PipiBE Y ™ ™ !

pr ef er abl yf fheothirbmohoep@fe tORARSCRBY-, Misre®y o B efreiirxtdpentieoity dbout 6, 000
to about , 000. n e i ght _aver age .ecul ar_wei i s below 1, 000, then
good f7I n?({?‘df%m?ng"‘\‘%ﬁ’op@fggg %ﬂ@xﬂot "@‘g’fairﬁ%h f ofYARe %ﬂ{y*ar%lfl ghiei'\yé coating
and when 4pvhHRGVIMAT SHO,.CRET TOZDISTH, aCORI O, N2,,t 82, hE@)Z, tNieCQ, oper ti es
such as soldbility, storage stability and the |ike na ge conmprom sed. The

)

pol ydi speBQNZeMihaie &f is kb o errGa) @lkYipdvgreys (Cudvarle alidk i Crheo) wei ght
i i h | Lght ,

hnoet r oAIGRAECHECHEN, SR e HborliiRclo RART B06cHe, GopRuctas T 1 e™00
det er m nednhydrigd, meidineatdropyrolidonat ogRaployRs are indapendentiy| H.alli-Ced | ecti ve

ti ition i t d th
copl 1 0l | AIRDRCwEED, Ak A PSR REREP G BB X PEERY 3% RydophllE | e
car b%yl GrD gérlehY§{léﬁy:héi‘E0%t0na|bh]§nﬁpl gmtcf\d artdt _tilhelse:r oS}(CH@)ﬁ(S)hgl agglnt :
an e acl apll e Crossl | nkages are or med. I ul ar apl |l e
acetal cr &GHalkUGEIQH, dablhPrhdwhaes Inﬁoaff)eoc%ﬁéﬂdﬁi %mszr%a%z AB9agent is a
vinyl ethe t RdsCQMBAIMShiaRD dIF fRMOARIN.COMEH Monamery Ry begr oup or

hydr oxyl gr d’ut)g € resulting struéture 1s highly solvent-resistant and
i mper vi ousnethylt hmethacedatef f beiybn msthatiglate, e Siysiroxyeiybn siatbacrglaée andi ng

B eSS e Teuh AR B DRGEBbrlRBE Rp R il SV eCLi ve | |
the instarisd p¥aMed0Bucasig/diensegens ednylyaltbieol g gnethjdcrglio acitwapped) : 13
RacL- Cl_V\%tzh )acr:]id( IQ)iIe groups. Examples of> acid labile groups, without limitation, are

secondary and tertiary alkyls (up to 20 carbon atoms) with at least one [

hydrogen, acetals and ketals, frimethylsilyl, and B- trimethylsilyl substituted alkyls.

20 Representative examples of acid labile groups are teri-butyl, tert-pentyl,
isobornyl, 1-alkylcyclohexyl, 1-alkylcyclopentyl, cyclohexyl, 2-alkyl-2-adamantyl,
2-alkyl-2-norbornyl. Other examples of acid labile groups are tetrahydrofuranyl,
tetrahydropyranyl, substituted or unsubstituted methoxycarbonyl,  B-
trialkylsilylalkyl groups (e.9. CHo-CHSi(CHa)s, CH(-CH2Si(CHs)s)2, CHo-

25  CH(Si(CHs)s)2 and the like.

Novolak resins can also be used as suitable polymers for antireflective
coatings. These resins are typically produced by conducting a condensation
reaction between formaldehyde and one or more multi-substituted phenols, in the
presence of an acid catalyst, such as oxalic acid, maleic acid, or maleic

30 anhydride. Typical monomers may be formaldehyde, cresols, resorcinols,

xylenols, etc.



wherein Ris selected from (C1-C30) |linear, branched or cyclic alkyl,
substituted or unsubstituted (C5-C40) aryl, or substituted or unsubstituted
(C7-C40) alicyclic 5 hydrocarbon; and 1 2. It is believed that the termnal
vinyl ether group reacts with the hydroxyl or carboxyl group of the polymer to
gi ve Ian ﬁCi d labil e acetal |inkage. Exanples of such vinyl ether term nated
crosslinking agg [dd1Clopd Isérd- VERY | ey yl ydhak@styfenes4- wnay | ox
butyl) succi nat e;ah%)i s(4-vi %ﬁ%xy butyl) i s%%ﬁ%t hg?gﬁg; m 4-vi nyl oxgnne%/hyl
cycl ohexylcapelyieys gf hydioxyslyrans; yihers iths pihey comonemneys are @t jeast iong: of:

bi s(4-vin y I I t at h s\ PRTAVAM e V0 t hyl
cycl ohexyxlémné%{%;ﬁ bﬁl élgg%?hgp%éacﬁs‘?%%h@fsga@&’b%@'ﬁfe?%?f&?‘ﬁm\éfﬂgk g)r(lgn{;? eng)
bi Zc?r ba{rﬁslters,bétls( 4-vi g_yl OXy bu'E]yI ) (nethyl Ienﬁ di -481- phenyl ene) bi scarbamat e;
an riethylen co i Vi et her, .1, 4- i . i vinyl her,
varioud Vect ong?leyv?'lxmef%ﬁ?ﬁ’“%ﬁw&%?% 'E%%&?‘?Oeg&)ﬁﬁ%%%egf p‘%ﬁgi%]%\g’ﬁy e;ngr
pol yners beanhbA9 of € peRfierization, 0aucH! @ePSingd-bpeting | Mbtathbsiel fres-radiedled
crosslinking agents are descr.i bed Yamaoka, et al., Tr endg@i n Phot ochem

Phot obi 0. oW iqaﬁooaypn@naaﬂ@n,epthfmnalie}tiomnéﬂng\/meéa'.Qr%nl‘fssﬂta A or H
Schacht, elyglic: o t@h@‘C@?‘&&%@%ﬁe({ ued CAHEYodNfRer NRaysed, and are

i ncor por ate erein by refe vinyl et her term nat ed cfosslinking
agent i s myefhesiedyusiddesblutont reenulsionr dulke uspensiont palgmerizations @ohei on whi ch

id ,, 20-2. 00 | iyval ents.of vi h i nkil f i
Peact e gkupTisn poligness e Plehict] alq PoyriiBh o 906 o BEhRRe fiER o7\ 0%
gg;l{ :/ﬂ-lgegtgﬁel%g e%\{efiagéo ng(ﬂﬂé?%ightﬁrd?ﬂ@tbﬁﬂbﬂgt)MEbmt I,BO?,beOmhmi‘terab!ygct ive
n conpri ses a_phot oaci n ,
gener at or f![a?i" @ReuRR:00%: 19 gg?ﬁ‘tv%o@ggf mege a[’r'iﬁfefﬁgy S'ER%‘E ?@E’E’PH gg@eﬁ%agg&ti n the
phot or esi %0(?65.6 ﬁé}f’ﬂfé W8idh? aﬂlal%g%at%lé@ﬁlé‘?!vﬁ‘él?ﬁﬁiscﬁelé\jvglf)@ﬁ)o,%gnt the sane
ength o u 0 be f

radi ant wave I ght™ can cduse an acid Tc formed in both |ayers. The
aci d in t Himedopuigdprapediesodret id chiainedffbethe astirefaciiegcoaingsand wienher
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solubility, storage stability and the like may be compromised. The

polydispersity(Mw/Mn) of the free-radical polymers, where Mw is the weight

average molecular weight and Mn is the number average molecular weight, can

range from 1.0 to 10.0, where the molecular weights of the polymer may be
20 determined by gel permeation chromatography.

The novel antireflective coating composition is coated and then cured on
the substrate by the application of heat. Heating induces a crosslinking reaction
between the carboxyl group or hydroxyl group on the polymer and the
crosslinking agent, and the acid labile crosslinkages are formed. A particular acid

25 labile acetal crosslinkage can easily be facilitated when the crosslinking agent is
a vinyl ether terminated compound and the polymer contains a carboxyl group or
hydroxyl group. The resulting structure is highly solvent-resistant and impervious
to the interdiffusion of photoresist components. Such curing processes are the
same as those of the normal thermosetting antirefiective coatings.

30 The vinyl ether terminated crosslinking agents that are useful in the instant

invention can be represented by the general structure (7):



14 reacts with the acid |abile crosslinkages to decrosslink the polyner, thus
maki ng the exposed areas of the antireflective coating soluble in the agueous
al kal i ne devel oper. The photoacid geney,at or of the antireflective coating
chosen depends on the photoresist to be used. The phot oaci d generator (RAG of
t he novel 5 conposition is selected fromthose which absorb at the desired
exposure wavel ength, preferably 248 nm 193 nm and 157 nm for deep ul traviol et
phot oresi sts, and napht hoqui none g Lﬁ%j %Lmsulfonlun1salts for 365 nm 436
nm and broadband photoresists. Suitable ex | es of the acid generating

phot osensi ti ve conmpounds include, without Iimtation, ionic photoacid
generators (PAG, such as diazoniun1sd7) i odoniumsalts, sulfoniumsalts, or

non-ioni c PAGs such s di,.azos nds,, sul fonyl o i m.des, and

ni t r obenzh %ﬂpﬁ:g ge@iw kléﬂ gﬁéda nﬁ?ﬂﬂi‘@f’ﬁﬂgﬁf %{(MX%H& %ﬁg Yhat
produces %ﬂsﬁl‘)‘étﬁuﬂé@of()d -CLAdhdt, | N siBYtitdR A DR dunslibgtifbéd NCsa b aticycliesual |y
used in a form sol ub inorganic solvents, nostly as iodoniunn or sulfonium

sal ts, sexdygtasarlgin; amdcm 2a2-e|’t is beligyieshipat m)tﬂrmml ninyl edheingroHRA8astsl f onat e,

?Ir:oplez)r”olrr&‘(fj Q{rﬁ‘gr?%‘(ﬂ??%ﬂ ?ﬁwgﬁéﬁﬂ) aéﬁly i ngﬁvq%l%iﬁt)grci ba't'%tragcs?a?lf onat e and

the Iike. ligk&igs. EmmFmdsf bbiett vinyl retiaex mrnﬂhaipdmrosslmklrg agmtshlaclunlay be used,
are triazines oxazo

th ti.t 2-
Phenol i ¢ Qﬁ(ﬁﬂmyéo’@lsl?léylé %a ezb\ﬂgylgglf bédoﬁ S " M—vmyloxyp BUes-
| onyl et L
tS lrJ| S(()P ?II fl uor one yl su \fl@f]&*ﬁh&ﬁﬂn@?r Pgﬁ)gyrll@bts@n? @}){lg?wté OBigfvinyloxy

bi s(t riof | mwhmmgilltgm,ﬂmam ymyjmm mﬁtbwemkptmthmﬁthyl) terephthalate; bis(4-

tr trifl .

bi Is?§ ri :‘I Jb%@&ew;é&éﬁ%wl rmé{ﬂygq%&?ﬂel righlﬂ? mlngyapgtygl (gomgglgsi bl e 25
Cﬁndl dat esl, ?%Eh%dégéA)Gbibc@ba:rmmbls(e-\ﬂnylpwj bdbjl)n(ayetlaylene mgwhbpmnylene) Figure 1
shows exanpl es o structures um n c

derivati vgs%'i’%’ﬂatﬁﬁ eaﬂéefrgﬁthw%%g')éc 1d“’ ?é‘haf Ra ‘Ll%d&ﬁ??%éﬁﬁ@ﬁﬁﬁblal kyl ,
fluoroal delvmﬁ effleRHeAridds Vdetbried® il - ek rﬁ@norﬁ@&sﬂﬁﬂaé(ﬁrﬁy— BldricRCH20CH3
(n=1-4); I's ani on of non-nucl eophilic strong acid %th" 30 0(S2C6F2n=1),

ASF6- 158br®mpam( S@ztmobrmqrﬁzbear@m@gcdﬂﬂnﬂw@xy groups. Other vinyl ether

terminated crosslinking agents are described in T. Yamaoka, et al., Trends in
Photochem. Photobio., 7:45 (2001); S. Moon, et al., Chem. Mater., 6:1854
(1994); or H. Schacht, et al., ACS Symp. Ser. 706:78 (1998) which may also be
used, and are incorporated herein by reference.

20 The vinyl ether terminated crosslinking agent is preferably added to the

antireflective coating in a proportion which provides 0.20-2.00 mol equivalents of

vinyl ether crosslinking function per reactive group on the polymer, especially
preferred is 0.50-1.50 reactive equivalents per reactive group.

In one embodiment where the antireflective coating composition

25 comprises a photoacid generator, the photoacid generator in the antireflective

coating and the photoacid generator in the photoresist, are sensitive to the same

wavelength of light, and thus the same radiant wavelength of light can cause an

acid to be formed in both layers. The acid in the exposed areas of the

antireflective coating, present either through diffusion from the photoresist or

30 through photogeneration from the photoacid generator in the antireflective film,



15 For exposure at 365 nmthe photoacid generator can be sul fonium

sal ts or di azonapht hoqui nones, especially 2,1, 4-di azonapht hoqui nones that are
capabl e of producing acids that can regct with the acid labile groups of the
pol ymer. Oxinme sul fonates, substituted or unsubstituted naphthali m dyl
triflates or 5 sulfonates are al so known as photoacid generators. Any

phot oaci d  GeaehithQhe aﬁﬂé‘é'i&%lihkéﬁgs l@tdéd?@ss‘ﬁﬁ@hé“’ﬁb%%}giﬁmsarﬁakihget op

I
phot oresi st may be used. Photoacid generators known in'the art may used,
such as t i exposssl aeses ¢inthehantivsflectiveicegdiog soBile a8 dha eoueoss sllglive236, US

5, 354, 643 7 : , : |'ication
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(S 13;‘90) ; I TonYﬁ:wphetoeésri]stl to, ba. uﬁd)t'ﬁlm@lp}n}]oa‘éiﬂ geherdior. (PRGY 76 tnle%g\)el, L. I

chl egel et al., J.. Photopolym Sci. Techn., b 3:281 (1990) .or. M Shirai et al.,
3 PhogopGPyoSKEn” isTasleeted H0sm ihpaecHiion sApSRCah JBF LNeal e FEPRRSE

refer encewammnam,vaferfaary a8 AR, 198! Aet ke ¢St hMJ fors deBpsemrasivdt that it
can 15 dissolve all the solid components of the antireflective coating.
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gl ycol nononet r-'acetate, propylene glycol nononet er, “butyl
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tate, I 2Q 3-neth i onate,. eth A QUL v
acetats, raCH: sfith ZecBneriuEl e ooapyEhats SieEE arengt "SR  bu et nyi
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nononet hyl ether or m xtures thereof are pref erred.dp‘?lol vencis with a | ower
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acid or a thernal acl enerator. Crosslinking can take place between a

pol ynmer caémbeganicigpluertsdmosiy as ratloniuns ar buligniumgraalip, exainples obwhidhiieng agent

in the presence.of heat..however. typi |V Lon.ti | ang.
Ther e achageligraranariraieRlang SMcEdle. HiprgRGoRMilh FoReRioBiardy?
reaction ajuffonate, 3¥rigrsmiylsalibriuhor tiiflgbmetemerhsultorsier t triphenyigulforias ar e
preferred. Thermal acid gienerat ors Iitf(erabe t he aci d&uspﬁ.'n hfeati ng. ﬁny known
aci ds or theseffderogutage sulfonate and the like. Other compoun at form an" aci

upon irradiation that may be used, are triazines, oxazoles, oxadiazoles, thiazoles,

substituted 2-pyrones. Phenolic sulfonic esters, bis-sulfpnylmethanes, bis-

20  sulfonylmethanes or bis-sulfonyldiazomethanes, triphenylsulfonium
tris(trifluoromethylsulfonyl)methide, triphenylsulfonium
bis(trifluoromethylsulfonyl)imide, diphenyliodonium
tris(trifluoromethylsulfonyl)methide, diphenyliodonium

bis(triffuoromethylsulfonyl)imide and their homologues are also possible
25 candidates. Mixtures of photoactive compounds may also be used.

Figure 1 shows examples of PAG structures, such as onium salts and
hydroxyamic derivatives which are useful, where Ry, Rz and Rs are independently
alkyl, fluoroalkyl, F, OCpHzns1, OCnFanit, COg-tert-Bu, OCH2-COgz.tert-Bu,
OCH,OCHs; (n=1-4); X is anion of non-nucleophilic strong acid e.g. ~

30  O(SO0:CnFan=1), AsFs, SbFs, -N(SO2CnF2n=1)2, "C(SO2CnFan=1)s.



16 generators may be used, exenplified without limtations, by 2,4, 4,6-

t et rabronocycl ohexadi enone, benzoin tosylate, squaric acid, 2-nitrobenzyl
tosyl ate, chloroacetic acid, toluenesulfonic acid, nethanesulfonic acid,
nonafl ate acid, triflic acid, other alkyl esters of organic sulfonic acids,
salts of these 5 nentioned acids. However, it has been found that for certain

component s SO gisedpchiasis AnPRRINAEaLY JdiRFABI cafiL almpMM SaRs Wi oh
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that the thermal acid be such that once the acid is 30 generated it does not
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reverse r i i v i 1S i 17 once
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the coating. Thus none or ry little LR j e film
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l'i nkage 5 qistagl eaibdnmale; RlnagiRoxyeiiRyimethercibilit gethgr datate, wiropylenangigeoler at e an
acid and then be renmpved prior to crati%ﬂ t he htz]tgreiﬁi st _are @referred in
sone casednongarthykieler: aagtaie nBiapylene: ITAPRIPELVS S OnTfERS | as they
may not g ' e 4 lanBkgidRs cddtimgaci d or
aci d deri J@%’%’?%ﬁ%‘ Pﬁﬁér{%&ér ﬁgﬁégfg‘gﬁh?n@g’gffgﬁbf% gf%?‘gﬁt‘éﬁ y renoved fgr omthe
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may. bepr esent 1 Gt SRPEITEbe Do B3R et e isREn BERFEETE0 ™ 1
25 wei ght % aferstdli doid gsmsraion) IGroSslinkiy @hautake pEicghbétween a polymer
containing a hydroxyl and/or carboxyl group and a crosslinking agent in the
presence of heat, however, typically reaction times may be long. Thermal acid
generators or acids are used to accelerate the crosslinking reaction and are
30 desirable for instances where short curing times are preferred. Thermal acid

generators liberate the acid upon heating. Any known acids or thermal acid



Typical antireflective coating conpositions of the present invention may 15
conprise up to about 15 percent by weight of the solids, preferably |ess than
8 percent, based on the total weight ofs the coating conposition. The solids
may conprise fromO to 25 weight percent of the photoacid generator, 50 to 99
wei ght percent of polyner, 1 to 50 weight percent of the crosslinking agent
and opti Ogéhéaét&st ndy W 9hdedCrS@Mplfibdt Rt d IifitatiBRS, TBby apl dagener at or,

based on 20 the total solids content of the antireflective coating
conposi t i tairabrerapeyciehexadianoprot beraain géesytaieorsquavisl acithgesnifrobanaiout 0. 01

to about L ght b sl i nki : S gbout 5 to
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to renove inpurities The c onents, of the antireflective coating may al so
O s o e R T e R e R
filtrati ogcidahde¥éitia ProQicddf BY #ssrmal @cidBeRMatdrBewaichl have Right &sidipy,oduct .

O her conponents may be added to the antirefl ective conposition of the present

appl i cat i 6an ieadiodérdereutting and capseyritiitoe sigaiEed photoiteagipgregessdren | ower 30

al cohol s, ) f l; i | Hidefgam n
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O her 18 apidlity niee. switls aghKaa ¢-logne 0b thek acid pissdojationxgartsyardh greater than 1.0

pol ynet hyl net hacryl at e and, pal yary] at es be.added to.the co sition,

b vt dPng ieraEned; raneeeit thyeoneBaisy o i SRl d AL EERIRERE arount of
this pol yggent. AckRPhitiel sa Pleseitigdi 5% ahd ghsatbothan £0ldrédusy pieh@reposi ti on,
nore preferably 35 weight % and 5 even nore preferaply bel ow 20 wei ght %

Bases may 18Bsdesdiingdagetab inkadesnpisi eagly tdeavablmci dthepinressncepdfh
hot ob P4 iaes |
oo S PoaRcASRALS sohes Bofided A I4RE, of e Gotle 1ptRce

am nes, nrrum ot osensitive I cu y preferred
bases ar efroat thelbmal acichgenetatorisywittorioderate ricisitysare Insalaicrasid (iKaohhB8), ani ne,
trioct

Lot e st nohradknR el (RS 14) doninargetic Apid Pl gTdl 48k Qxalls agie (Ka

but yI phenyk }iig)deinhamic seidaprheof angb); taredriceadid ppiky loplac3)y byleolid acidypKaycl anat e.
of 3.8), fumaric acid (pKa of 4.45), malonic acid (pKa of 2.8), cyanoacetic acid

(pKa of 2.7), etc. Acids which are blocked by bases to form a thermal acid
generator are preferred. Acids, such as those described above, may be blocked
20 with bases such as amines. Typical bases are triethyl amine, tripropyl amine,
trimethyl amine, tributyl amine, tripentyl amine, tridodecyl amine etc. Additionally,
diaryl or trialkyl sulfonium salts with anions of weak acids, such as carboxylic acid
or aryl carboxylic acid may be used. Acids which are blocked by bases may be
formed by combining the acid with a base, where the acid:base ratio ranges from
25 about 1:1 to about 1:3. Further examples of acids with the desired pKa and their
salts can be found by one of ordinary skill in the art by reviewing the available
literature, such as in CRC Handbook of Chemisiry and Physics, published by
CRC Press Inc. and incorporated herein by reference. In some embodiments it
may also be desirable that the thermal acid be such that once the acid is
30 generated it does not remain permanently in the coating and therefore does not

facilitate the reverse reaction, but is removed from the film. It is believed that,



The absorption paraneter (k) of the novel conposition ranges fromabout 0.1 to
about 1.0, preferably fromabout 0.15 to about 0.7 as neasured using

el l'ipsonmetry. The refractive index (n), of the antireflective coating is also
15 optim zed. The n and k val ues can be cal cul ated using an ellipsoneter, such
as the J. A Wollam WASE VU-302 TM El | i psonmeter. The exact val ues of t he
optimumr feat I used and
Che Type oo ek B O T e K 1 & 0. 1
to 0.75, fthe dea@mpesitior predicis asel baked out of the fikm,oon the acid. say gublimer 365 nm
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process, to improve the quality of the product.

Other components may be added to the antireflective composition of the
present application in order to enhance the performance of the coating, e.g. lower
30 alcohols, dyes, surface leveling agents, adhesion promoters, antifoaming agents,

etc. These additives may be present at up to 30 weight percent level. Other



solutions, are useful for the present invention, provided the photoactive
conpounds in the photoresist and the antireflective coating absorb at the sane
exposure wavel ength used for the imagifyg process for the photoresist.

Positive- working photoresist conmpositions are exposed i mage-w se to

ragi ation, those 30 areas of the photoresist conposition exposed to the
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conpounds pagy| Rffohitn ewmat@_ﬁn@fr%(téﬂlﬁutwEﬁéﬁyljsnlfbﬁanawclarhbteoI ak resins
are typicall'y pl_ro uced by condensi n? f or mal dehyde and one or_nore
nul ti - subst i t utfég akserdion, parameter (51 et theceovsl campasitign danges iem abRW as oxalic

acid. Phc’too‘f’“ié]ia‘b%yf?f@éﬁé‘ﬁ%ﬁ%ﬁg@ef\h&?ng&ﬁhl 183b e Y d§§e@a§gﬁa Susin

mul t i hydr oxypheno h napht'hoqui none di azi orgtheir 20
deri vat i vedlipsbhetryensiteé vetrgctofe titmexe (b)y pésthef antirsflectiver woatiag |ig alsages from
about 13500 o%]mtl.7E)ed‘.14i‘?\enr'1ﬂ and k values can be calculated using an ellipsometer, such as
the J. A. 'Woollam WVASE VU-302 TM Ellipsometer. The exact values of the
optimum ranges for k and n are dependent on the exposure wavelength used
and the type of application. Typically for 193 nm the preferred range for k is 0.1 to
0.75, for 248 nm the preferred range for k is 0.15 to 0.8, and for 365 nm the
20 preferred range is from 0.1 to 0.8. The thickness of the antireflective coating is
less than the thickness of the top photoresist. Preferably the film thickness of the
antireflective coating is less than the value of (wavelength of exposure/refractive
index), and more preferably it is less than the value of (wavelength of exposure/2
times refractive index), where the refractive index is that of the antireflective
25  coating and can be measured with an ellipsometer. The optimum film thickness
of the antireflective coating is determined by the exposure wavelength, refractive
indices of the antireflective coating and of the photoresist, absorption
characteristics of the top and bottom coatings, and optical characteristics of the
substrate. Since the bottom antireflective coating must be removed by exposure
30 and development steps, the optimum film thickness is determined by avoiding the

optical nodes where no light absorption is present in the antireflective coating.



Phot oresi sts sensitive to short wavel engths, between about 180 nm and about
300 nmcan al so be used. These photoresists normally conprise

pol yhydroxystyrene or substituted pol yhydroxystyrene derivatives, a

phot oactive 25 conpound, and optionally a solubility inhibitor. The foll ow ng
references exenplify the types of photoresists used and are incorporated

herein by 1 erigacanbisdiASdodiPl oliRpBeRGY 8 ShaiioSng SBRYERD uoFly Ui cul arly
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this i dverfUoghates £1¢ f Bt e P lingn Stigan-e MGAN ¢ igXige: ($iEO,r ed
antirefl eg(hky)ﬁﬁﬁdéoémhmmrﬁ,ngluhﬂmﬂ/émboﬁuaﬁiygmahalthh?ét@ﬁpme cbhaindbgiew esi st
e

sol vent . photoresist and the antireflective coating bilevel |ayers are
t hen i magdhereecaik pe schuitdupaftnhoteresiglfikm abthe edges slihecyihsiratedatariagl step the

actd genengl aledid bash 1RO SHAE b%taapcd'neﬁtgtré:‘mb%éjgéﬁpgfg sbivit bhmiRglerger of the

antireflec Mg conposrtion and thus render the exposed regi on of
t he anti r efdhasits wsingotechaigueg vealk khowis db tbose ioh ordiraryestdll apiting aso|Thte on.  The

tenperature for .the st exposur e bake .step.can range fr.om.40C to 200C for

30- 200 0s RSP OR e preaeat gweBoh areRic Y, eyl kil sebB sty 1 om
80C to 16GeyioverstOrypitab 86108AE- uded W@ﬁé Eadneffovers alssethgbRickte, betyRvoi d the
post exposure bake, "'since for certain chenm stries, such as song acetal acid

labile |irfceials, deprenvenadieols pripeeemstytetheapeieimer aPiPYlenealyCabl yner in
the exposqloh LMLy, bhfnidithdd HerEGt The &RRhG 1S teéh BAAS ThhrBrdrfbgin agueous

al kal i ne so he’ bl l'evel systemis t evel oped 1 n an ‘aqueous al kal i ne
devel oper range esfoleengenatupd és draes i akliouh MRO°Getcaaboute PHEWE ifor about i30g120The

devel oper is preferabl aqueous_,al kal ine sol ution L Si exanpl e,
ot r anBt hyiscaRe AN A8, Gy abvalent Raal Bt Mok oftPRIFLY b0l

addi ti ves, 15pechoddbdili Pboet dot £5-9pWecbRAS. The il ticknekss of e antirefletitve The
process of coating and inagigggphotoresist coatings and aﬂtireflectlve

coatings |epaliepirargrsuiiomAbonbse nakie pReUt3P0 e He oRRAUMLTIBLINGHNSEY S or t he
speci 110 tyderfiheRNSt B 3 Rhoth K bitofd 58 Whithe 664 litHbgRASFL PRigciiedised.  The

i maged bilevel systemcan then be processed 25 flrther as required by the
manuf act urareg obtaiced,s espediallyegrbered noi rstandisg Waveexangplabseptesl idepsi ti on and

oL e TitoRlt PR HUSRB GBSyt AREIE Sl B AEPBRGISH BB ),
will thin coatings can be used due to the excellent absorption and refractive index
properties of the film. The cured antireflective coating is also insoluble at this
stage in the alkaline developing solution. The photoresist can then be coated on
top of the antireflective coating.

25 . Positive photoresists, which are deVeIoped with aqueous alkaline
solutions, are useful for the present invention, provided the photoactive
compounds in the photoresist and the antireflective coating absorb at the same
exposure wavelength used for the imaging process for the photoresist. Positive-
working photoresist compositions are exposed image-wise to radiation, those

30 areas of the photoresist composition exposed to the radiation become more

soluble to the developer solution (e.g. a rearrangement reaction occurs) while



provide detailed illustrations of the nethods of producing and utilizing 30
conpositions of the present invention. These exanples are not intended, 22
however, to limt or restrict the scopg of the invention in any way and shoul d
not be construed as providing conditions, paranmeters or values which nust be
utilized exclusively in order to practice the present invention. 5Exanples

The absor g{ds@naRRasanBit &fpdskl rRifhir helafitdly assdiuBlel B0ME G8lel¥BsesdlafGHr ed using
vari abl e angl e spect rophot onetric ellipsometry. The bottomantireflective

coating (Bhgs, Rtreatyn@mlqjtarbﬁgpoaecbpgﬁtwe-waﬂe@ nmtqreﬂﬁbwﬂe. tmc@ﬁve\l@neér s and fo
baked to gﬁﬁs@s TR Q?alf bf fﬂeTF ﬁ[)eaEth ﬁ‘i’%&%ﬁ N@f R gEegsured
ur ed pr a

using an € |psone manu rporation. The
obt ai ned gasitivemagé m tk@ph@owfsttcbatlmg drrbtoresist Iuﬁort iseddfinadRsGhef i | ns.
Synt hesi s _Ex

250 fI h d
Do modet senast Bafis whiebt welt campogtinh caR acs ”r'squofP?'aef bhiighekigeq "
net hacryl giee sﬁsé@éteowﬂ adhighr dsgree oEim |edeVM‘5|)||t)( ‘hﬂ%ﬂ)exp@sa@hﬁdys'[ yrene
(13.8g), azobisisobutylonitrile (AIBN) (0 and | ene

ronomet hy devel @pm@pt;vlzy meslgyanyiaciyring Poriclionb sod, saint weabgad SR theor 15
m nut es. P(ﬁ%} %sﬁothéﬁa&jié ?ﬁlc Xk pyr ﬁec‘f@s%a@ﬁamegﬁlﬂor? Of lé"Hiimééli bhsat that

t enperat ure ours under OWI ng nitr ter the conpletion of the
pol yrner i zaesicable tthat Hmtdevwmwophntomslmlamllcm@ﬁm kipweat verihal retasivetienper at ur e

andtetra th nmon hydr oxi.de [0 DN [ l,ution S added.
The rélcti %’ﬁﬁé ﬁf&é f?%IPé‘ég’e?‘&@%Ee&%!mgééé}‘ﬂi‘g‘f’gY%ﬁP%‘g %%%ﬁs\;@bef ore

bei ng rai geslrdsist@dRtingtiapblaled e attinatapadla traisié diatemadiiendgeacttoon m xt ure
was cool ed down to room tenperature and was aci dliled to pH.6 using acetic

aci d. The thesaybsiratepol Hifeogades, cvepi AP $HIGS! 688 fne oflrivet A and the
obt ai ned Eﬁlhi?ﬁ.lr%ﬁoﬁ'ré&lﬁfe%qae ql%ﬁgo,@gﬁmheﬁegs dei oni zed water, and

then drie precipitate ynmer was redissolved 1n 60g of PGVE and
preci pitated a@’@smvefaobngophoﬂoresistsocnmpnsmgl novelaks sgsins vand fquinene=d, washed

o e e eotiSsndéaaH  BhorpBgiR° CBBnBS' 4E° il RAGRACH' e . ®

1
structidre
Novolak resins are typically produced by condensing formaldehyde and one or

more multi-substituted phenols, in the presence of an acid catalyst, such as
oxalic acid. Photoactive compounds are generally obtained by reacting
multihydroxyphenolic compounds with naphthoquinone diazide acids or their

20 derivatives. The sensitivity of these types of resists typically ranges from about
300 nm to 440 nm.

Photoresists sensitive to short wavelengths, between about 180 nm and
about 300 nm can also be used. These photoresists normally comprise
polyhydroxystyrene or substituted polyhydroxystyrene derivatives, a photoactive

25 compound, and optionally a solubility inhibitor. The following references
exemplify the types of photoresisis used and are incorporated herein by
reference, US 4,491,628, US 5,069,997 and US 5,350,660. Particularly preferred
for 193 nm and 157 nm exposure are photoresisis comprising non-aromatic
polymers, a photoacid generator, optionally a solubility inhibitor, and solvent.

30 Photoresists sensitive at 193 nm that are known in the prior art are described in



23 nol ecul ar weight (My) of 12,800 and nunber average nol ecul ar wei ght (M) of
5,400 as neasured on a gel perneation chromatography (GPC) using pol ystyrene

standards. ( | ) Synthesis Exanples 2-5 Pol ymers with structures (11)
to (V) were synthesized in the simlar procedure as Synthesis Exanple 1 except
using the different types and anmount of nononers in accordance with the

mononer 1 id fyi8iney refdrehbss aha Weddip&aitedRerein, R 794458, WO 97/33198 and
US 5,585,219, although any photoresist sensitive at 193 nm may be used on top
of the antireflective composition of this invention.

A film of photoresist is then coated on top of the cured antireflective

5 coating and baked to substantially remove the photoresist solvent. The
photoresist and the antireflective coating bilevel layers are then imagewise
exposed to actinic radiation. In a subsequent heating step the acid generated
during exposure step reacts to de-crosslink the polymer of the antireflective
coating composition and thus rendering the exposed region of the antireflective

10 coating alkali soluble in the developing solution. The temperature for the
postexposure bake step can range from 40°C to 200°C for 30-200 seconds on a
hot plate or equivalent heating system, preferably from 80°C to 160°C for 40-90
seconds. In some instances, it is possible to avoid the postexposure bake, since
for certain chemistries, such as some acetal acid labile linkages, deprotection

15 proceeds at room temperature. The polymer in the exposed regions of the
antireflective coating is now soluble in an aqueous alkaline solution. The bilevel
sysfem is then developed in an aqueous alkaline developer to remove the
photoresist and the antireflective coating. The developer is preferably an
aqueous alkaline solution comprising, for example, tetramethyl ammonium

20 hydroxide. The developer may further comprise additives, such as surfactants,
polymers, isopropanol, ethanol, etc. The process of coating and imaging
photoresist coatings and antireflective coatings is well known to those skilled in
the art and is optimized for the specific type of photoresist and antireflective
coating combination used. The imaged bilevel system can then be processed

25 further as required by the manufacturing process of integrated circuits, for
example metal deposition and etching.

Each of the documents referred to above are incorporated herein by
reference in its entirety, for all purposes. The following specific examples will
provide detailed illustrations of the methods of producing and utilizing

30 compositions of the present invention. These examples are not intended,



24 (1v) (V) b5 Exanple 1 A copol ymer represented by structure (1)
from Synthesis Exanple 1 (2.59), tris(4-vinyloxy butyl) trinellitate
Vect onmer 05015, avail able from Al drich 2(z‘o.), and triphenyl sul foni um nonafl ate

(0.05g) were dissolved in 68g propyl enégl ycol

and 29g of propyl enegl ycol nononethylether (PGVE) to forman antiref

coati ng C

2 15A copoly

pﬂ%%rt k& ﬁmlt-la?ereégbgmeo%bdg%tsoffthé?ﬁ\géf—@oh hih @ WN&'%/ Ond BHbuIH' ﬁtﬁ

represente ure rom Sy theS| s Exanpl e

(0. 25g,

nmononet hyl et her acetate (PGQVEA)

| ective
r. Exanple

1 (39),

bi s( 4-vi npeorgndimeyl is qutopiding cOndifjpna/e paameters) 0006@Iues, avhielbiraustr ben Al dri ch

and
form an a

Hﬁ%&wﬁf‘dg\f o&%ﬁ%@“ﬁ%ﬁﬂ%e's OI Vggqtﬂﬁv %,loug PGVEA and 28.8g PGMVE to
20

tion was filtered through

a 0.1pmfilter.
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Examples

The absorption parameter (k) and the refractive index (n) were measured
using variable angle spectrophotometric ellipsometry. The bottom antireflective
coating (B.A.R.C.) solutions were spin coated on primed silicon wafers and
baked to get a given film thickness. The coated wafers were then measured
using an ellipsometer manufactured by J.A. Woollam or Sopra Corporation. The
obtained data were fitted to get the k and n values of the B.A.R.C. films.

Synthesis Example 1
To a 250 m! 4 neck flask, equipped with a condenser, a thermometer, a
nitrogen gas inlet and a mechanical stirrer, were added methacrylate ester of 9-
anthracene = methanol (AMMA) (4.2g), 4-acetoxystyrene  (13.89),

azobisisobutylonitrile (AIBN) (0.8 g) and propyleneglycol monbmethylether

(PGME) (50g). A solution was obtained and degassed for 15 minutes. Then the
reaction mixture was heated to 70°C and stirred at that temperature for 5 hours
under flowing nitrogen. After the completion of the polymerization, the obtained
solution was cooled down to the room temperature and tetramethylammonium
hydroxide (26wt% in water) solution (7g) was added. The reaction temperature
was raised to 40°C and was kept for 3 hours before being raised to 60°C. After
heating at 60°C for 8 hours, the reaction mixture was cooled down to room
temperature and was acidified to pH 6 using acetic acid. The resultant polymer
was precipitated into 600 ml of methanol and the obtained solid was filtered,
washed with methanol and deionized water, and then dried. The precipitated
polymer was redissolved in 60g of PGME and precipitated again into 600 ml of
methanol. The solid was filtered, washed and dried at 40°C under vacuum. The

obtained polymer (represented by the structure (I)) had a weight average



25 Example 3 A copol ynmer represented by structure (11) from Synthesis
Exanple 2 (2.69), tris(4-vinyloxy butyl) trinellitate (0.26g, Vectoner(r)5015,
avai lable from Al drich), and tri phenyI%quoni um nonafl ate (0.059) were

di ssolved in 68g PGVEA 5 and 29g PGVE To forman antireflective coating
conposition. The solution was filtered through a O0.1pmfilter. Exanple 4 A

copol ymer & t 10
triethyl eneg%/dc?%ﬁngl Vi ﬁMYthoEHQM réd }I%QF%U%% ?ﬁg%g%?% I\)E)rﬁg&ff rom | SP
(Japan) L6d0Q, eendneasmned Q0 & (gﬁlom)'mae’um dcrygmatwaphVGOGBej) PGAAG and 28. 8g
PGVE by s r an antireflective coating conposition. The sol ution
was fil teb8{¥ bﬁ%&%ﬁ'ﬁi@a@smm filter. 15Exarrp| e 5 A copol yner represented
by structure (I11) from Synthesis Exanpl e (4g) tris(4-vinyloxy butyl)
trimellitate (0.5g, Vectons ) 1] fromAIdrlch) and oxalic acid
(0.02g) were dissolved in : v
antireflective coating conposiQ
200. lpmfilter. Exanple 6
Synt hesi s Exanple 4 (29),
Vect oner 05015, avail able f
di ssol ved in 70g PGVEA and
coating conposition. The solution was filtered thro

stirring to forman

N copoly represented by structure (IV) from
A viQyl oxy lbutyl) trinellitate (0. 2g,
25 &), and oxalic acid (0.01lg) were
Ay stirring to E m an antireflective

8 a 0.1pmfilter.

5
Synthesis Examples 2-5
Polymers with structures (ll) to (V) were synthesized in the similar
procedure as Synthesis Example 1 except using the different types and amount
of monomers in accordance with the monomer ratio given in the structures.
10 ()

45 55 |,

NO,

NO (Il



26 Example 7 A copol ymer represented by structure (V) from Synt hesi s
Exanple 5 (2g), tris(4-vinyloxy butyl) trinmellitate (0.2g, Vectomer05015,
available fromAldrich Co.), and oxalig acid (0.01g) were dissolved in 70g
PGVEA and 30g PGVE by 5 stirring to forman antireflective coating
conposition. The solution was filtered through a 0. 1pmfilter. Exanple The
solution prepared in Exanple 1 was spin coated,onto a 6inch silicon io wafer

to forma cured antirej ‘ Thedfi | mthickness of the
coating, as determ nedL by, i '

by Sopra corporation, Wasoab@ut 700 y ober@Hng t he coat ed wafers, it was
seen that the edge-bead for duringythe coating process on the
antireflective 15 coating coul d easi|QHbe renoved wt back-side rinse of a
silicon wafer with a m xture of 30wt %GVEA and 70w % , an edgebead

renmovi ng sol vent. The solutions prepared in Exanples 1-8 were spin
coated on 6inch silicon wafers and baked on a hot plate at different

tenperatures (each bakfng tenpers 2 W fior Jeach sanple). One coated
waf er from each of thes ‘ . at’i/nggowas puddl ed with PGVEA, a
common phot or esi st sol venDana the N _dev 'i'oper each for 60 seconds
and then spin dried. No obvi@us fil fg change in the antireflective
| ayer was observed on the ers whenl baked above 150C, indicating that the
films were highly crosslink and solQRnt -resistant, Rgg t here woul d be no
interm xing wth the photoresist solvent when 25 the p bresist was coated
over the B.A R C. Wen a conparative test was perfornmed on the formul ations
prepared without the vinyl ether term nated crosslinking agent, it was
observed that the entire coating could be renoved both in PGVEA and the
devel oper. 27 Example 1

A copolymer represented by structure (I) from Synthesis Example 1 (2.59),
tris(4-vinyloxy butyl) trimellitate (0.25g, Vectomer®5015, available from Aldrich

Co.), and triphenylsulfonium nonaflate (0.05g) were dissolved in 689
10  propyleneglycol monomethylether acetate (PGMEA) and 29g of propyleneglycol
monomethylether (PGME) to form an antireflective coating composition. The

solution was filtered through a 0.1um filter.

Example 2
15 A copolymer represented by structure (I) from Synthesis Example 1 (3g),
bis(4-vinyloxy butyl) adipate (0.4g, Vectomer®4060, available from Aldrich Co.),
and oxalic acid (0.01g) were dissolved in 67.6g PGMEA and 28.8g PGME to form
an antireflective coating composition. The solution was filtered through a 0.1um
filter.
20



Exanpl e 9 The solutions prepared in Exanples 1-4 were spin coated on
6i nch silicon wafers baked at 170C for 90 seconds to give a thickness of 60
nanoneters. Then a DUV phot or esi st AZ%{) DX6270P (available from d ari ant

(Japan) K. K. ) 5 was coated thereon and softbaked at 120C for 90 seconds to
give a thickness of 0.45 micron. The coated wafers were i magew se exposed

usi ng Cannon FPA3000 EX5 248 nm steg;a%{] |eT§1e exposed wafers were postexposure
baked for 90 seconds at 130C, foll owe By a puddl e devel opnent of 60 seconds

with AZ(r) 300AvVicBpalymarorepregentads byestyucture (g tframmebyrythesisnbxampleh2dr oxi de

agueous i ol ut.i avai |l abl.e. f.rr.om,.Cl.ar, rp.). e r ectron
chr oscopzzigguiiﬁgﬂg'ﬁ%ma@fﬁiim‘/& lived @%&9 SE%RW%E@W 1‘%’%“@‘3?58% nes and
0.20 pm [ smﬂmimpaﬂld mer@&uﬁoﬁmhen@ianatm@esb)méde @iiésélh@d Mhesg PGMEA | ayer and
the antireflective coating |ayer, No obvious standin es o|ue to the

ref | ecti oi@nerdg PRME jadforman aaﬁ"sﬂ%y@rmnerpw&oﬁﬂfm ¢ $PI8HON ¥@s 15

Exanpl e 1G: f hydr oxyst yrene- net hacryl ate) (55/45 nol ar
ratio), Oglgsgedgth{)?hgglx%f)?wrgg!t%{ﬁt riethylamne(1:1), 0.06 g of
triphenylsulfoniumtriflate, and 0.225 g of Vectoner Tnb015 (avail able from
Aldrich Corp.) were dissolved in QSE? 'ﬂ %f ethyl 20 lactate to give the
B.ARC solution. The solution was T11P r%d through 0.2 pmmcrofilter. The
B. A R C. coati igcgsolgmer k€ireseiited dyi strleturen)) feod Syrtbesis iExan(gie 1a3g),93 nm of

£ I podmocapinyiensbcal AMeEBetPaH. WAPHORRER VA D PRRRD fiooyShar o

heat ed on I i ) d&d irPe B P @MVIEA ahd bBBgness of 35
nm The B.(%?&Ra?]&m(\?\gfﬁ&a/géshccz:%g?g%b?\né)t‘ﬁ&,&%g%szP ph?)t g?esi st (avail ?gl e from

d ari ant GBME bysstirsingitplferm mm)aniireflective cpatinthrempesifons TRBEOKHPN WS waf er was

)

t hen baked, ..120 C for 60 seconds. The coated wafer was
exposed ugptggquwp% %92‘4@*'#% st epper for inmagew se exposure. The exposed
waf er

15 Example 5
A copolymer represented by structure (lll) from Synthesis Example 3 (4g),
tris(4-vinyloxy butyl) trimellitate (0.5g, Vectomer®5015, available from Aldrich),
and oxalic acid (0.02g) were dissolved in 70g PGMEA and 30g PGME stirring to
form an antireflective coating composition. The solution was filtered through a

20 0.1um filter.

Example 6
A copolymer represented by structure (IV) from Synthesis Example 4 (2g),
tris(4-vinyloxy butyl) trimellitate (0.2g, Vectomer®5015, available from Aldrich
25 Co.), and oxalic acid (0.01g) were dissolved in 709 PGMEA and 30g PGME by
stirring to form an antireflective coating composition. The solution was filtered

through a 0.1pm filter.



28 as then post exposure baked for 90 seconds at 130 C and followed with a 30-
second puddl e devel opnent at 23 C using of AZ@ 300 MF Devel oper. Using a
secondary el ectron mcroscope, 0.15 pmyphotoresist/B.A R C lines (1:1) were
obt ai ned at a dose of 40 nd/crn2. 5 Exanple 11 0.075 g of

pol y( hydr oxystyrene-net hacryl ate) (55/45 nolar ratio), 0.015 g of cyanoacetic
acid, and 0.022 g of Vectoner TnbO15pughpIgdyssol ved in 8.0 g of propyl ene

gl ycol nononet hyl ether. The solution was filtered through 0.2 pm

tom crofilter. A copolyimer Bpxeserded bulauwcwe\@d)sfromnswheﬂs%xgmpba #9)i con wafer

and heated . I . 1o [ ' i ckness of
568 A - Thdrelateligky Bid) Hoelity, @?%%%&ﬁﬁ'%ﬁ@gcﬁ@og‘%\{@?ger E"s?."?t’*t”?“a@ﬁi | abl e
from d ari@o, &t pxalicSacidr(0i01igp weks )dissobaideith 70y RGMEAl aatde309 PGIME y f or 60
seconds to give. a_ 15 film¢thickness c%f 116 nm. . The_coat ?q waf er was exposed
Using g 1947NG 40 {9 A ALHTEHBEHe 6oatingaERmPoRieRy5ee SeluipRawas, SIS war or was
then post @xRRHH 6.1pAkeerf or 20 seconds at 120 C and followed with a 30-second
puddl e devel opnent at 23 C using of AZ(r) 300 MF Devel oper. Using a secondary
el ectron mcroscope, 0.20 pm photoresist/B.A R C. lines (1:1) were obtained at
a 20 dose of 20 mJ/cnR. Exanple 12 EQQHBB R C. solution from Exanple 10 was
coated on a prined silicon 25 wafer an aked at 175 C for 90 seconds to give
a fil mthi ckneskheo$oldBén prepEned B ExBmple Walfas spiascoabed edior tBncRZlidaB0

phot or 1eoSi S\;[va ?\é? bgggrlp?n ;orrObIB geci%)rrfd%rgnd then baked on a hot plate at 170°C for 90
seconds to form a cured antireflective coating layer. The film thickness of the
coating, as determined by ellipsometry manufactured by J.A. Woollam company
or by Sopra corporation, was about 700A. By observing the coated wafers, it was
seen that the edge-bead formed during the coating process on the antireflective

15 coating could easily be removed with a back-side rinse of a silicon wafer with a
mixture of 30Wt%PGMEA and 70wi% PGME, an édgebead removing solvent.
| The solutions p'repared in Examples 1-8 were spin coated on 6inch silicbn
wafers and baked on a hot plate at different temperatures (each baking
temperature 2 wafers for each sample). One coated wafer from each of the set of
20 B.A.R.C coatings was puddled with PGMEA, a common photoresist solvent, and
the other with developer, each for 60 seconds and then spin dried. No obvious
film thickness change in the antireflective layer was observed on the wafers when
baked above 150°C, indicating that the films were highly crosslinked and solvent-
resistant, thus there would be no intermixing with the photoresist solvent when
25 the photoresist was coated over the B.A.R.C. When a comparative test was
performed on the formulations prepared without the vinyl ether terminated
crosslinking agent, it was observed that the entire coating could be removed both
in PGMEA and the developer.



Corp., Sonerville, NJ), heated on a hotplate for 120 C for 60 seconds to give
a filmthickness of 116 nm The coated wafer was exposed using an ISl 193 nm
nni ni st epper for inmgew se exposure. The exposed wafer was then post 29
exposure baked for 20 seconds at 120 C*’and foll owed with a 30-second puddl e
devel opment at 23 C using of AZ(r) 300 MF Devel oper. Using a secondary

el ectron m croscope, 0.35 [Erin pho ist/BARC lines (1:1) were obtained
at a dose of 21 mJ/cnR2. 5 10 15 ZOE%'@{?%

The solutions prepared in Examples 1-4 were spin coated on 6inch silicon
wafers baked at 170°C for 90 seconds to give a thickness of 60 nanometers.
Then a DUV photoresist, AZ® DX6270P (available from Clariant (Japan) K. K.)

5 was coated thereon and softbaked at 120°C for 90 seconds to give a thickness of
0.45 micron. The coated wafers were imagewise exposed using Cannon FPA-
3000 EX5 248 nm stepper. The exposed wafers were postexposure baked for 90
seconds at 130°C, followed by a puddie development of 60 seconds with AZ®
300 MIF Developer (2.38 weight % tetramethyl ammonium hydroxide aqueous

10 solution available from Clariant Corp.). The secondary electron microscope
results showed at 22mJ/cm?, both the 0.20 pm 1:1 dense lines and 0.20 pm
isolated lines was completely opened both in tﬁe photoresist layer and the
antireflective coating layer. No obvious standing waves due to the reflection from
the substrate were observed on the pattern profiles.
15
Example 10 ,

1.5 g of poly(hydroxystyrene-methacrylate) (55/45 molar ratio), 0.075 >g of
oxalic acid/triethylamine(1:1), 0.06 g of triphenyisulfonium triflate, and 0.225 g of
Vectomer™5015 (available from Aldrich Corp.) were dissolved in 98.5 g of ethyl

20 lactate to give the B.A.R.C. solution. The solution was filtered through 0.2 pum
microfilter. The B.A.R.C. coating gave a refractive index (n) and absorption (k)
at 193 nm of 1.59 and 0.62 respectively as measured by a J. A. Woollam
WVASE VU-302 TM Ellipsometer.

The B.A.R.C. solution was coated on a primed silicon wafer heated on a

25 hotplate at 200 °C for 60 seconds to give a film thickness of 35 nm. The
B.A.R.C. wafer was coated with AZ®1020P photoresist (available from Clariant
Corp., Somerville, NJ) with a film thickness of 330 nm. The wafer was then
baked on a hotplate for 120 °C for 60 seconds. The coated wafer was exposed

using an ISI 193 nm ministepper for imagewise exposure. The exposed wafer



30 Caims 1. A positive bottom photoi mageabl e antirefl ective coating
conposition which 5 is capable of being devel oped in an aqueous al kali ne
devel oper, wherein the antireflective gpating conposition conprises a polymer
conprising at |least one recurring unit with a chronophore group and one
recurring unit with a hydroxyl and/or a carboxyl group, a vinyl ether

term nat edisGhag gggggka&@e%ked 3509 8ed6HdS aﬁgm b ehAd folRf<l ARAS 3607, and

further conpris does not conprise a tophotoacid generator, where the acid
or the acisg¢cora puddlefdeyelapmeentairddaiC asing ¢ehE®B06r MifaDexelokar.d/siag & t han

1.0. 2. T OSL Ll r.di | [ re group
s chem g BRI A rERBEhbRE 1 L gt BRI G oG LT AR 2 B g
15 ar omat iobtdiyed atadose of 40gel/cmsubst i t ut ed or unsubstituted phenyl group, a
substituted or unsubstituted anthracyl group, a substituted or unsubstituted
phenanfhryl group, a substituted or unsubstituted naphthyl group, a
substituted or an unsubstituted hetpipgplelc aromatic ring containing

het er oat ons sel ected from oxygen, nitrogen, sulfur, and a m xture thereof. 20

3. The conposi 0. acd aaly(Rydrosysyienamethagefaieh (35145 malar ratiely QAT® Scont ai ni ng
hyd I . i i - f
a hydroxy ofg?ﬂ#gt%ﬁ&uéaﬁa%ﬁh.@ééé‘ r%;ﬁ/égﬁ?%ﬁngf‘?b?]@gﬂe?e@?é@wd .ﬁeé.é‘%o rom

acrylic aci acrylire¢ acid, v roxystyrenes, c ynmers of
hydr oxyst yrepeen djlywdohyrhomemeiigt stheonThe réahgiioh, Was, teded-through 0.2 pm

25hexaf | uor.oié.-tgr opanol. 4. A positive bottom photoi nageabl e antireflective
coatinty cSMGEEIEl-on which is capabl e of being devel oped in an aqueous al kal i ne

devel oper, whermiens. A REC aroluith! was tugte8GH A NBInGSdTBRIBON ivzileC aNPMeaRsl a pol ymer
conprising at 30l east one recurring unit with a chronophore gr ou[? _I_ahnd one
recurri ng @nathojplate at 175 C for 60 seconds to give a film thickness of 293 A. The
B.A.R.C. wafer was coated with AZ® T430 photoresist (available from Clariant
Corp., Somerville, NJ), heated on a hotplate for 120 °C for 60 seconds to give a
15 film thickness of 116 nm. The coated wafer was exposed using an ISI 193 nm
ministepper for imagewise exposure. The exposed wafer was then post
exposure baked for 20 seconds at 120 °C and followed with a 30-second puddie
development at 23 °C using of AZ® 300 MIF Developer. Using a secondary
electron microscope, 0.20 um photoresist/B.A.R.C. lines (1:1) were obtained at a

20 dose of 20 mJ/cm2.

Example 12

The B.A.R.C. solution from Example 10 was coated on a primed silicon

25 wafer and baked at 175 °C for 90 seconds to give a film thickness of 499 A. The
B.A.R.C. wafer was coated with AZ® T430 photoresist (available from Clariant
Corp., Somerville, NJ), heated on a hotplate for 120 °C for 60 seconds to give a

film thickness of 116 nm. The coated wafer was exposed using an 1Sl 193 nm

ministepper for imagewise exposure. The exposed wafer was then post



hydr oxyl and/or a carboxyl group, a vinyl ether term nated crosslinking agent,
and 31 an acid or a thernmal acid generator, and further conprises or does not
conprise a photoacid generator, and tﬂp chromophore group and the hydroxyl
and/ or a carboxyl group are present in the sane recurring unit, 5 further
where the acid or the acid derived fromthe thermal acid generator has a pKa

greater t @(ﬁo%urg ba%?iﬁ g%e&&dé mw%dﬂ@ug@g& 'm;gra éo%%esisa guaanea vinyl

ether term Ccr OSS 1 ng agent repr esent € genera tructure
bel ow, R- (de@Eldphidnt )atr123 0Cwhgingi of, AR®i SO@;EMECD@deropem dsingla Gegpndanyear ,

subst i tut aiedenmrRPeL oS TerrdiSf SR B e Sl gl ostihedts o6 e

conposi ti %s@fonH&hm’bEnZ where the acid or the acid derived fromthe thernal
acid generator is renmoved fromthe antirefl ective coating at tenperatures
bel ow 220C. 7. The conposition according to claim1 further conprising a dye.
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20 8. The conposition according to claim7, wherein the dye is selected from
the group consisting of a nononeric dye, a polyneric dye and a m xture of a
nmononeric and a pol yneric dye. 259. The conposition according to claiml,
wherein the antireflective layer has a KOvalue in the range of 0.1 to 1.0.

10. The conposition according to claim1, wherein the antireflective |ayer has
a thickness less than the thickness of the photoresist. 32 11.The conposition
accordi ng toQE.ain11, wherein the photoacid generator is sensitive to actinic
radiation in Srange of 50 nmto 450 nm 12.A process for forming a positive
i mage conprising: 5a)formng a coating of the bottom phot oi rageabl e
antireflectiye coRpbsigve bORHE phbBimajeableamirdflapiive csathsi carhgosition Wiakh ng t he

antireflective coatinP _ ) _ )
5 is capable of being developed in an aqueous alkaline developer, wherein the

antireflective coating composition comprises a polymer comprising at least one
recurring unit with a chromophore group and one recurring unit with a hydroxyl
and/or a carboxyl group, a vinyl ether terminated crosslinking agent, and an acid
or a thermal acid generator, and further comprises or does not comprise a
10 photoacid generator, where the acid or the acid derived from the thermal acid

generator has a pKa greater than 1.0.

2. The composition according to claim 1, wherein the chromophore group is
chemically bonded to the polymer and is selected from a group containing
15 aromatic hydrocarbon rings, a substituted or unsubstituted phenyl group, a
substituted or unsubstituted anthracyl group, a substituted or unsubstituted
phenanthryl group, a substituted or unsubstituted naphthyl group, a substituted or
an unsubstituted heterocyclic aromatic ring containing heteroatoms selected from

oxygen, nitrogen, sulfur, and a mixture thereof.

20
3. The composition according to claim 1, wherein the recurring unit
containing a hydroxyl and/or a carboxyl group is derived from a monomer
selected from acrylic acid, methacrylic acid, vinyl alcohol, hydroxystyrenes,
copolymers of hydroxystyrene and vinyl monomers containing 1,1,1,3,3,3-

25  hexafluoro-2-propanol.

4, A positive bottom photoimageable antireflective coating composition which

is capable of being developed in an aqueous alkaline developer, wherein

e the antireflective coating composition comprises a polymer comprising at
30 least one recurring unit with a chromophore group and one recurring unit with a

hydroxyl and/or a carboxyl group, a vinyl ether terminated crosslinking agent, and



c) providing a coating of a top photoresist |ayer over the bottom coating; d)

i magewi se exposing the photoresist and bottomcoating |ayers to actinic

radi ati on of the same wavel ength; e) post-exposure baking the photoresist and

bottom coating | ayers on the substrate; 3dnd, devel opi ng the

phot oresi st and bottom coating |ayers with an 15aqueous al kal i ne sol uti ons

g) wher ei n t hanactd ored thecinblvacid gabénatprbambivether oeropiidEseorn doesr ma mompsisévent s and
aqueous al kal i ne solﬁjuti on . after the baking step prior to coating the

phot or esi st Pé’ygfoag @%‘gﬁ%ﬂ%?ngol ubl e in aqueous al kaline solution after

exposure to actth@chrohitphatd @ouprandithé aydesd\widaria¢arbbg| ghstiposresireséerand bot t om
antireflective coating | ayer. 13.The process according to claim 12, further

a .
conpri si ng tﬁbth§tséﬁ‘ed_ Clyrg \9'&!"1 of an edgebead after the coating and prior to
the baking of then&tiHer€Heeadid ¥EtHeORd BEriveRTRAR td PRrm&acid generator has

a pKa greater than 1.0.

5. The composition according to claim 1 comprising a vinyl ether terminated

crosslinking agent represented by the general structure below;

R—OCH=CH, )
n

wherein, R is selected from a (C4-C3p) linear, branched or cyclic alkyl, substituted

10

or unsubstituted (Cg-Cao) aryl, and substituted or unsubstituted (C7-C4o) alicyclic

hydrocarbon; and n > 2.

15 6. The composition of claim 1, where the acid or the acid derived from the
thermal acid generator is removed from the antireflective coating at temperatures
below 220°C.

7. The composiﬁon according to claim 1 further comprising a dYe.

20
8. The composition according to claim 7, wherein the dye is selected from
the group consisting of a monomeric dye, a polymeric dye and a mixture of a

monomeric and a polymeric dye.

25 9. The composition according to claim 1, wherein the antireflective layer has

a k value in the range of 0.1 to 1.0.

10. The composition according to claim 1, wherein the antireflective layer has
a thickness less than the thickness of the photoresist.

30
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11.  The composition according to claim 1, wherein the photoacid generator is

sensitive to actinic radiation in the range of 50 nm to 450 nm.

12. A process for forming a positive image comprising:

a)

b)
c)

d)

e)

9)

forming a coating of the bottom photoimageable antireflective
coating composition of claim 1 on a substrate;

baking the antireflective coating,

providing a coating of a top photoresist layer over the bottom
coating;

imagewise exposing the photoresist and bottom coating layers to
actinic radiation of the same wavelength;

post-exposure baking the photoresist and bottom coating layers on
the substrate; and,

developing the photoresist and bottom coating layers with an
aqueous alkaline solution,

wherein the antireflective coating becomes insoluble in organic
solvents and aqueous alkaline solution after the baking step prior to
coating the photoresist layer and becomes soluble in aqueous
alkaline solution after exposure to actinic radiation prior to

developing the photoresist and bottom antireflective coating layer.

13.  The process according to claim 12, further comprising the step of removal

of an edgebead after the coating and prior to the baking of the antireflective

coating composition.



